Attempts were made to elucidate the sublethal responses of common carp Cyprinus carpio exposed to the feed additive butylated hydroxytoluene (BHT). The common carp was administered BHT at sublethal levels such as 0.2-1.6% in the diet for 14 weeks. The growth rate was not found to significantly decrease when common carp were fed a diet with supplements of BHT (p>0.05). However, the declining growth rate was observed to be most significant in the fish fed diet with supplement of 1.6% BHT from the 4th to 8th weeks (p<0.05). The symptoms of hepatopancreas enlargement were commonly found in the fish group fed diet with supplement of BHT. However, this symptom would be alleviated when the fish were switched to the BHT-free dietThe pathological symptoms in hepatopancreas induced by BHT were observed under microscope. The lesions indicated that the enlarged hepatopancreas had heavy steatosis, eosinophilia, and megalocytic hepatosis.
The synthetic antioxidant butylated hydroxytoluene (BHT) has been widely used as an additive to food and animal feed for the purpose of 0.2% and 1.6% BHT groups were switched to the control diet, which contained no BHT, for 2 weeks and the ability to recover from pathological symptoms were examined. were stained with hematoxylin for 5min and 0.5% eosin for 3min before mounting in euparal for microscopy. The fish fed 0.2% BHT for 14 weeks and then switched to BHT free-diet for 2 weeks were also examined.
Results
Effects of BHT on the growth of common carp for 14 weeks are shown in Table 2 . After feeding for 14 weeks, the growth rate was not significantly different in any fish groups (p>0.05).
However, a declining growth rate was observed to be significant in the fish fed diet with supplement of 1.6% BHT from the 4th to 8th weeks (p<0.05).
It was also found that the average growth rate seemed to be lower in all fish groups receiving diet with supplement of BHT. At the 14th week, the body weight of fish fed diet with supplement of 1.6% BHT was about 83.5% of that of fish in the control group.
Feed conversion efficiency decreased when the common carp were fed diet with supplement of BHT but it was not significant (p>0.05).
Effect of BHT on the ratio of hepatopancreas weight to body weight (hepatosomatic index) in common carp is shown in Table 3 . After feeding for 2 weeks, enlargement of fish hepatopancreas was more clearly observed in both 0.8 and 1.6% BHT groups than in other groups. After feeding for 12 weeks, this phenomenon was observed to be more significant in all groups fed diets with supplements of BHT than in the control group. After 14 weeks, the average hepatopancreas enlargement was about 36.4% of that of the control group.
As mentioned above, the hepatopancreas in common carp fed diets with supplements of BHT was markedly enlarged.
In order to know how to recover from pathological symptoms in hepatopanceras, the fish groups fed diet with supplements of 0.2% and 1.6 % BHT for 14 weeks were switched to BHT-free diets for 2 weeks. The enlarged hepatopancreas was found to be easily recovered to normal wight (Table 4) . Table 3 .
Effect of BHT on the hepatopancreas weight change of common carp Cyprinus carpio The tissues of hepatopancreas of common carp caught in control group, 0.2%. BHT group and recovering group after feeding 0.2% BHT, were examined under microscope.
In normal hepatopancreas of common carp dense hepatocytes were seen and nuclei were clearly observed as shown in Fig. 1 . Figure 2 shows the pathological symptoms in the hepatopancreas of fish fed diet with supplement of 0.2% BHT for 14 weeks. Numerous lesions of necrosis and pycnosis were seen, and lipofuscin-like granules had accumulated in the hepatocytes.
Large lipid droplets with a foamy material or granular texture of eosinophilic substances occupied the cytoplasm (presenting the socalled "moth-eaten cytoplasm").5) The nuclei seemed to be markedly enlarged and were not clearly stained. Figure 3 shows the enlarged hepatocytes to be recovering to normal when the fish were fed diets without supplements of BHT. In this case, the nuclei were clearly seen in the hepatocytes but a slight increase in the accumulation of lipid and lipofuscin-like granules deposition in hepatocytes was also observed.
Discussion
The responses of common carp exposed to sublethal levels of BHT were demonstrated in this study. The growth and feed conversion efficiency were not significantly decreased when the common carp were fed diets with supplement of BHT.
oratory. From hepatopancreas lesions under light microscope, pathological symptoms induced by BHT in hepatopancreas of common carp included heavy steatosis, eosinophilia, and megalocytic hepatosis. These identical patterns have been reported worldwide, often in connection with liver neoplasms from areas impaired by considerable anthropogenic input of various hepatotoxins, carcinogens, and/or carcinogenic promoters, such as polychlorinated biphenyls (PCBs) and their by-products, hexachlorobenzene (HCB), hexachlorohexane (HCH), and other chlorinated hydrocarbons, as well as polycyclic aromatic hydrocarbons (PAHs). [5] [6] [7] [8] [9] [10] [11] [12] 
